OBJECTIVE: To study abdominal fat distribution in anorexia nervosa subjects and to assess the effects of initial weight regain on abdominal fat distribution. DESIGN: Longitudinal, clinical study. The baseline measurement was acquired within four days of admission to the eating disorders clinic. All patients were treated by re-feeding, reinforced by psychotherapy. Following weight regain of at least 5 kg, a second body fat distribution evaluation was performed. Of the 21 subjects evaluated at baseline, 14 achieved the goal of body weight regain and were retested. PATIENTS: Fourteen subjects (age: 18±38 y; body mass index: 11.5±18.3; relative body weight: 54.9±88.3%). MEASUREMENTS: Total, subcutaneous and visceral abdominal adipose tissue areas at the L4-L5 level were evaluated by computed tomography. RESULTS: At baseline the subjects showed a higher proportion of visceral adipose tissue (% visceral adipose tissue 55.3 AE 26.1). A signi®cant association was observed between body weight and both subcutaneous adipose tissue and total adipose tissue. A regain of body weight of 7.3 AE 1.6 kg was accompanied by a signi®cant increase in total adipose tissue, comprising both subcutaneous and visceral adipose tissue. The increase observed in subcutaneous adipose tissue, however, was signi®cantly greater than for visceral adipose tissue (212.6% vs 116.8%, respectively, P`0.01).
Introduction
Recently, interest has focused on regional body fat distribution as a cardiovascular risk factor. 1±5 Regional body fat distribution has been described in several populations, including normal weight, 6 obese, 7 elderly 8, 9 , and coronary artery disease patients. 10 A review of the literature reveals two reports evaluating fat distribution in anorexia nervosa patients. 11, 12 Different methods of evaluating regional body fat distribution (waist-to-hip ratio and computed tomography, respectively) were used in these studies, and opposite results were found. 11, 12 Modi®cations of body fat distribution with changes in body weight in obese individuals, and speci®cally weight loss 13 and weight gain, 14 have also been investigated. However, the fat distribution patterns associated with weight regain in anorexia nervosa individuals have not been previously addressed.
The aim of this study was twofold: (1) to examine abdominal fat distribution in anorexia nervosa subjects using computerized tomography, and (2) to assess the effects of initial weight regain on abdominal fat distribution.
Methods

Subjects
The study was conducted on 21 female subjects ranging in age from 18±38 y, with a body mass index (BMI) ranging from 11.5±18.3 kg/m 2 . All subjects met the criteria of anorexia nervosa according to DSM-IV. 15 All subjects had a history of anorexia nervosa (12±24 months). None of the subjects were receiving oestrogens at the time of both examinations. All subjects had normal kidney and liver function as assessed by routine biological tests; none of the subjects in either group were diabetic or were taking medication.
Twenty subjects were amenorrhoeic both at baseline and following regain of body weight, while the remainder had normal menses throughout the study period. The study was approved by the Ethics Committee of the Institute of Internal Medicine of the University of Verona.
Protocol
At the time of the study, subjects were inpatients at an eating disorders clinic and came to the Institute on two separate days for evaluation of body fat distribution, once at baseline and again following weight regain. The baseline measurement was acquired within four days of admission to the eating disorders clinic. During rehabilitation for weight gain, all patients were treated by re-feeding, reinforced by psychotherapy. The second body fat distribution evaluation was performed following weight regain of at least 5 kg. Of the 21 subjects evaluated at baseline, 14 subjects ranging in age from 19±38 y achieved the goal of body weight regain with the 12 week study period and were retested.
Anthropometric measures
Body weight was measured to the nearest 0.2 kg (Salus scale, Milan) and height to the nearest 0.5 cm using a stadiometer (Salus stadiometer, Milan). BMI, an index of body fatness, was calculated as body weight adjusted for stature (kg/m 2 ). The percentage of ideal body weight was calculated as the ratio of the subject's actual body weight to the ideal body weight for height, as presented in the 1983 Metropolitan Life Insurance charts. 16 
Abdominal adipose tissue distribution
Computed tomography was utilized for the determintion of abdominal adipose tissue distribution using the Sjo Èstro Èm protocol. 17 Total abdominal adipose tissue area (AT), visceral abdominal AT area, and subcutaneous abdominal AT area were evaluated by a single scan at the L4-L5 level. Additional variables calculated were visceral AT-to-total AT ratio and subcutaneous AT-to-total AT ratio.
Subject centering was obtained by a longitudinal topogram at the L4 level. The preselected attenuation interval for adipose tissue was 7150 to 750 Houns®eld units. 18, 19 A cursur was used to de®ne the total cross-sectional area and the area of visceral fat (area inside the rectus abdominis muscles). Data were elaborated using a histogram-based statistical program. The coef®cient of variation for repeated measures was 1.1%.
Data analysis
Results are presented as means AE standard deviation. A two-tailed paired Student's t-test was performed to assess changes from baseline to regain of body weight and changes in subcutaneous AT and visceral AT. To test the associations between different variables simple correlation analysis was performed. A signi®-cance level of 0.05 was used throughout.
Results
Subject characteristics are listed in Table 1 . Pearson correlation coef®cients were used to evaluate the relationships between baseline body weight and relative body weight with visceral AT, subcutaneous AT and total AT areas. Signi®cant correlations were observed between body weight and subcutaneous AT (r 0.58, P`0.05) and total At (r 0.62, P`0.05). Similarly, signi®cant correlations were observed between relative body weight and subcutaneous AT (r 0.73, P`0.01) and total AT (r 0.73, P`0.01). Neither body weight nor relative body weight were associated with visceral AT (r 0.41, and r 0.31, respectively) (data not shown in table) . Table 2 shows the changes in anthropometric variables from baseline to regain of ! 5 kg of body weight. Total AT increased with regain of body weight (P`0.001). Both subcutaneous AT and visceral AT increased signi®cantly from baseline by 212.6% (P`0.001) and 116.8% (P`0.05), respectively. The percentage increase in subcutaneous AT was signi®cantly greater than the corresponding increase for visceral AT (P`0.01).
Discussion
Our results show that there is a higher proportion of visceral fat than subcutaneous fat in patients with anorexia nervosa. With regain of body weight of more than ®ve kilograms, subjects in the current Previous investigations of regional body fat distribution in anorexia nervosa patients yeild data partly concurring and partly contrasting with our ®nd-ings.
11,12 Forbes 11 evaluated body fat distribution in 2 males and 30 females with anorexia nervosa. The patients ranged in age from 10±22 y and therefore included children, adolescents and young adults. Regional adiposity was measured using abdomen and hip circumferences with decreases in these measures, demonstrating no effect of weight loss on the waist-to-hip ratio.
Mayo-Smith et al 12 compared 15 anorexia nervosa patients (70% of ideal weight) to age and height matched controls. Subcutaneous and visceral adipose tissue evaluated by computed tomography were one ®fth and one half of those of matched control subjects, respectively. The resulting visceral-to-subcutaneous adipose tissue ratio was signi®cantly higher in anorectics compared to controls.
Our ®ndings concur with those of Mayo-Smith et al 12 suggesting that in subjects with anorexia nervosa the greater absolute decrease in subcutaneous fat than in visceral fat is responsible for their relatively high proportion of visceral AT.
It is dif®cult to compare our own and Mayo-Smith et al 12 results with those of Forbes, who failed to observe any differences in waist-to-hip ratio in anorexia nervosa patients because of the different methods used to evaluate body fat distribution. 20 On the other hand, it is interesting to observe that in the same report, Forbes 11 reported a signi®cant increase in waist-to-hip ratio in patients with cystic ®brosis undernutrition problems depending mostly on a larger decrease in hip than in waist circumference, suggesting a bigger decrease in peripheral fat, that's subcutaneous fat, in these subjects at least. Other factors, besides disease, such as total amount of body weight and body fat lost, as well as initial body weight and body fat, must be taken into account in the relationships between subcutaneous and visceral fat modi®cations.
It has been shown that after weight loss obese people present signi®cantly greater decreases in visceral fat than subcutaneous fat, 13 thus con®rming the higher lipolysis of visceral fat. 21 Modi®cations of regional body weight after regain of body weight in normal weight people and obese people are still under debate 22 , though recently van der Kooy et al 14 have reported a greater increase in subcutaneous fat after regain of body weight.
To the best of our knowledge no studies have evaluated changes in regional body fat distribution in anorexia nervosa subjects. After a mean regain of body weight of 7.3 AE 1.6 kg, our subjects, though still underweight, showed a much greater increase in subcutaneous than in visceral fat, with a signi®cant modi®cation of their regional body fat distribution. Our results seem to be in line with those of Allen et al 23 , who several years ago, evaluating a large group of subjects with a wide range of BMI, reported that the subcutaneous-to-total fat ratio and subcutaneousto-internal fat ratio relationships were in general curvilinear. They observed that while one third of the total adiposity was estimated to be subcutaneous in a normal-weight person (29% total fat), only one fourth of total fat was subcutaneous in a lean person (10% total fat). Recently, Kvist et al 24 reported that women seem to be protected against visceral fat deposition up to a 30 L gain in adipose tissue; this seems to mean that in this situation the majority of normal weight and all underweight women show preferential subcutaneous fat deposition; thus it may be that all our subjects are within the preferential subcutaneous fat storage of up to 30 L of total AT. 24, 25 Hormones are known to affect regional body fat distribution. 2 Overproduction of hypothalamic corticotropin-releasing hormone, the main hormonal aberration responsible for increases in visceral fat in obese people, 2 has been observed in anorexia nervosa patients; 26 therefore, there may be reason to believe that it contributes to the preferential visceral fat distribution of our subjects.
A decrease in gonadal steriods has been reported in anorexia nervosa 26 and may also contribute to the preferential fat distribution encountered in our subjects. It is well known that oestrogen and progesterone modify body fat distribution by increasing peripheral or subcutaneous fat deposition. 2 Changes in gonadal steriods have been found after a regain of body 27 and thus may be responsible for our ®ndings of a much higher increase in subcutaneous fat than in visceral fat in our subjects. In actual fact, we could not con®rm this very suggestive hypothesis because no information about gonadal steroids was available in our subjects.
Among the potential limitations with a bearing upon the interpretation of our data, the single scan CT we used to evaluate total and visceral abdominal AT areas warrants some discussion; because of variation in the cross-sectional areas within the abdomen, 28 it is possible that a single CT scan may not be adequate for evaluating changes in fat distribution with regain of body weight. It should be noted that for ethical reasons it was not possible to perform multiscan evaluation of regional body fat distribution in our young subjects; worthy of note is the fact that the visceral AT area at L4-L5 level has been shown to be the best predictor of visceral AT volume. 24 
Conclusions
Our study con®rms the higher proportion of visceral fat than subcutaneous fat in patients with anorexia nervosa. We also observed that a regain of body weight in subjects with anorexia nervosa determines regional body fat redistribution through a signi®cantly higher increase in subcutaneous than in visceral fat.
